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switch to enable kV-MV mode. An application program was developed 
which communicates with the various Linac components over a 
proprietary port. The software coordinates the online kV-MV imaging 
system tasks: It manages the readout of the MV-detector using the XIS 
library (Perkin Elmer) and captures the angular gantry position for 
each projection online. Gain, offset and defect pixel corrections are 
applied on the acquired raw MV data. MV detector shift is corrected 
based on measured flexmap data. For the kV contribution, 
conventional XVI cone-beam projections are acquired. After 
appropriate greyscale normalization, MV and kV data are then used to 
reconstruct a 3D-dataset with a CUDA-accelerated FDK algorithm. 
After conversion into the compatible .SCAN data format, the 
combined kV-MV reconstruction volume is imported into the XVI 
system to enable patient positioning based on information provided by 
the reference volume, e.g. planning CT. 
Results: Figure 1 provides a schematic of the system. Duration of the 
automated workflow is roughly 10 times faster than the workflow 
without automation, not including additional Linac preparation for kV-
MV mode in the latter case. A detailed time comparison of each step 
is given in table 1. No error-prone manual entering of Linac settings 
has to be done anymore. The handling of the procedure is now stable 




Conclusions: The kV-MV CBCT acquisition workflow is now almost 
entirely automatic, based on interaction with all relevant Linac 
components over a single proprietary port, minimizing human 
interaction with the system. This is a prerequisite for safe clinical 
operation. At the moment the procedure only works in research mode. 
Risk analysis and documentation, which are the basis for clinical 
operation as an in-house medical device development, are currently in 
progress.  
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Purpose/Objective: Deformable image registration (DIR) is an 
important tool in radiotherapy for contour propagation and for 
estimating the actual given dose in adaptive radiotherapy (ART). 
Presently used methods to quantify DIR accuracy provide information 
about image regions with high contrast (e.g. anatomical landmarks). 
However, in ART it is important to know the deformation accuracy in 
the entire irradiated volume. Therefore, we developed the TEST 
method that quantifies the DIR accuracy both in high and low contrast 
regions in the image.  
The objective of the current study was to assess three frequently used 
DIR algorithms with regard to the deformation from planning CT (pCT) 
to repeat CT (rCT) or from pCT to cone-beam CT (CBCT) in patients 
treated for head and neck cancer. 
Materials and Methods: The study population was composed of 10 
head and neck cancer patients. For the purpose of this study, we used 
as well pCT and rCT as pCT and CBCT. The pCT was deformed to the 
rCT or CBCT, which were acquired in the last week of radiotherapy. 
Three different DIR-algorithms were compared: the Fast Symmetric 
Demons (Demons) and the Salient Feature Based Registration (SFBR), 
both implemented in Pinnacle Research 9.100 and the B-Spline from 
the ITK library, implemented in the Elastix toolbox 4.4. For all 
deformations the TEST parameters were determined. TEST is an 
abbreviation for: Target registration error, Expansion and Shear strain 
of the deformation vector field, and Transitivity. Anatomically 
plausible limits have been set for expansion and shear strain. The 
transitivity gives the lower bound of the error of the deformation per 
voxel.  
Results: For the deformations from pCT to rCT, the target registration 
error showed minor variation between the different algorithms, as 
shown in table 1. However, the expansion and shear strain of the DVF 
showed a larger difference. Where the Demons algorithm exceeded 
the limits on almost all aspects, e.g.5,8% soft tissue voxels are out of 
limit for the expansion, the B-Spline and the SFBR both stayed within 
the limits for soft tissue and air cavities. The expansion and shear 
strain in the bony anatomy exceeded the limits for all algorithms. The 
average transitivity exceeded the limit for SFBR, while it remained 
within limits for B-Spline and Demons.  
The results of deforming the pCT to the CBCT gives the SFBR 
algorithm as the most promising algorithm. 
 
 
Conclusions: Using the TEST method the accuracy of three different 
DIR algorithms could be quantified and compared in all image voxels 
(both in high and low contrast image regions). The B-spline algorithm 
gave the most accurate results for pCT to rCT deformations, while the 
SFBR algorithm performed best for pCT to CBCT deformations.  
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Purpose/Objective: Image guidance is crucial for assuring a safe and 
accurate delivery in particle therapy and advanced photon 
radiotherapy. However, kV based imaging systems for treatment 
planning, position verification and intrafraction motion management 
lead to an additional dose burden for the patient. An investigation of 
the imaging dose for various organs at risk (OARs) caused by different 
imaging protocols for lung was performed at a conventional 
radiotherapy department (CRD) and an ion beam center (IBC). 
Materials and Methods: Imaging dose was measured utilizing 
thermoluminescent dosimeters (TLDs) in an Alderson Rando phantom 
with the isocenter in the sinister lung of the phantom. Two sets of 
TLD-100 chips (3x3x1 mm3; sensitivity within ±3 %) were chosen. 
Measurements were performed for 25 selected points on the skin or 
within OARs (in each point 3TLDs). For calibration 5 TLDs were 
irradiated in a Co-60 beam and 6 TLDs were used to account for 
background irradiation. Measurements were performed for:  
CRD:  
• Elekta XVI planar kV: 120 kV, AP and LR, 5 mAs per image, S20F0  
• ExacTrac planar kV:120 kV, right posterior oblique and left posterior 
oblique projections, each with 160 mA, 160 ms  
